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1 Dana Hoad ‘ e .
e, American Health Foundation

hivp:ffvevew.aht org -
E-Mail: health@ahf.org

August 24, 2001

Dr. Scott Masten \ _
Office of Chemical Nomination and Selection
NIEHS/NTP

P.O. Box 12233

Research Triangle Park, NC 27709

Fax: 919-558-7067

Subject: Comments on Epigallocatechin-3-gallate (ACS 989-51-5) nominated by the
ICCEC on May 8, 2001 ‘

Dear Dr. Masten:

Based on current knowledge of the properties of the epigallocatechin-3-gallate, EGCG, I
firmly believe that this naturally occurring chemical should not undergo any of the tests

proposed.

One third of the dry weight of green tea is EGCG. Green tea has been consumed safely without
adverse effects by billions of people world wide. Biomedical research shows that green tea and
EGCG actually inhibit human cancer formation. For example, an explanation for the lower lung
cancer rate in Japan despite a higher smoldng rate is that the J apapese consume appreciable
amount of green tea a day of the order of 5-10 cups. [n addition, there has been extensive
laboratory Tesearch on the mechanisms of action of EGCG and of green tea in lowering the risk
of cancer in animal models, those caused by tobacco, or others caused by genotoxic carcinogens,
such as the heterocyclic amines formed during cooking. In fact, I have shown that green tea and
EGCG prevents the formation of heterocyclic amines in appropriate, realistic model.systems,

Furthermore, under an NCI contract NO1-CN-35569, we performed studies on tea, tea
polyphenols and specifically EGCG in a model of colon cancer. We did perform preliminary
toxicology and we found that we could administer 9000 ppm green tea without toxicity, or 4500
ppm polyphenols without toxicity. I am attaching the relevant publication (Proc. Soc. Exptl.
Biol. Med. 217:104-108, 199%).

In addition, we found that EGCG inhibited the mutagenicity of genotoxic carcinogens, The
control EGCG, of course, displayed no mitagenicity. In addition, in the DNA repair hivassay in
hepatocytes, in which genotoxic carcinogens are powerfully active, tea polyphenols inhibited the
effect.
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Tea has been the sui:ject of review in JARC monograph number 5-1, 1991,

Thas, it is my congidered opinion, based on my extensive knowledge in the field of -
carcinopenesis and chemopreventive mechanisms, especially by tea and the tea polyphenols, that
it would be an improper use of the NTP resources to perform any tests bearing on the safety of
EGCQG . There is an enormous literature that EGCG is safe.

By the way, with my colleagues, Dr. Michael Shimkin and Dr. Elizabeth Weisburger, I
developed the NCI Bioassay Program beginning in 1961, It is my group that selected the F344
rat and the B6C3F1 hybrid mouse for in vivo bioassays. Beginning in 1968, we conducted
wotkshops, chaired by Dr. Alexander Hollander of Qak Ridge, on in vitro approaches to
carcinogen bioassay and safety testing. When I came here in 1972, these programs were
transferred from NCI to NIEHS and now constitute the NTP.

I should be glad to work with you in the future in reviewing the suitability to test chernicals or
products nominated to vour activities at the NTP.

With all good wishes,

ki 7

John H. Weisburger, PhD, MD(hon)
Senior Member and Director Emeritus

Direct Line: (914) 789-7141
E-mail: John Weisburger@nyme.edu

JHW/nr
Attachment
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Effect of Tea Extracts, Polyphenols, and
Epigallocatechin Gallate on
Azoxymethane-induced Colon Cancer (44211)

JoHN H. WEISBURGER.*' ABRAHAM RIVENSON,* CESar ALIAGA.* JOEL REINHARDT.* GARY J. KELL OFF.~
CHARLES W. BOONE,T VERNON E. STEELE, T DoUGLAS A BALENTINE, BRIAN Prrrman® anD EDITH ZaNa*
Navlor Dang Institute, * American Health Foundarion, One Dana Roud, Valhalia, New York 10595-1599: Division of Cancer
Prevention and Conrvol, ¥ Narional Cancer Instinge, Bethesda, Marviand 20892; Thomas J. Lipron Company. ¥
Englewood Cliffs, New Jersey 07632

Abstract. Studies were conducted to determine the themopreventive sfficacy of
several types of tea extracts on azoxymathane-induged ¢olon cancer in male Fadd
ats, After determining the maximally tolerated dosage of the tea products, thelr gftect
in a colon cancer modal was investigated. Group= of 96 male F344 rats received 2
subcutaneous doses of 15 mg/kg azaxymathane (AOM) at Wesks & and 7. Experimen-
tal groups also receivad ag drinking fluids 3600 ppm of black or gresn tea extracts,
1800 ppm of EGCG, or 1800 ppm of black or grean tea polyphenols beginning at 5
weoks of age. Additiona) groups drank a lowar dosea of 360 ppm of thy five tea prod-
ucts, The experiments ware terminated 43 wenks after the first tes exposure. No
evidance of toxicity was obasrved xince the body weight gain of all ytoups was

similar. The rats given AOM had careino
classified hixtologically as /7 #/0 carcin

ma of the small Intestine and of the colen,
ama, exophytic, invasive, and Peyar's paich

carcinoma, In the gmall Intestine, most of the neoplasms wers classHiad ne invasive,
but In the colon, most wars axophytic. The varioux tea products falled to produce a

significant difference in the incldance of

the several typss of colon and small intastine

carcinoma. The multiplicity of colon cancers vanged from 1.2-2.8 in all groups. The
group on 3600 ppm of green taa had a significantly higher tumor tnultiplicfty than tha
control group on AOM and water, Algo, the group on 3600 PPmM of grean ten had a
significantly higher tumor muhiplicity than the group on 380 ppm. The taa praducts
did not affest the devalopmant sepecis of the tumors in mosgt groupe. The mecha-
hisme Uhderlying thesa findings rest on the fact thut azoxymethane Is metabolized
mainly by eytochrome P4sp 2E1, and this enzyme systsm ig not afiactad by tea.

[F.E.EBM. 1888, Vol 217)

been used for several thousand Years for the prapa-
ration of beverages wsed by mankind. Originally dis-
covered in Chinz, the leaves contain specific polyphenols
and the enzyme polyphenol oxidase. When the leaves wers

The leaves of the tea plant, Camellia sinensis, have

' To whim requesis for reprints shaisld be addressed ar Naylor Dana institote, Ameri-
can Health Foundation, One Dana Road, Valhalle Naw York 10595-1509, UsA.
Rescarch ot the American Heallh Foundagan was supporied by & National Canesr
Instinuge, NIH, Contract NOI-CT9-35580.

Received May 19, 1997 [F.5.E.B.M. 1995, Vol 2mn
Aceepied July 29, 1997

0037-0727/9R/0000-0000%10.50/0 .
Copyright @ 1998 by the Society for Exparimental Bivlogy and Medicine
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processed by partial drying, immediate heating, and mac-
eration, the polyphenol oxidase was inactivated and under
these conditions, the polyphenols in tea remained in their
native state, typical of green tea. The muain polyphenol in
Ereen tea is epigatlocatechin gallate (EGCG). A partial oxi-
dation, for about 30 min, of the polyphenols by the poly-
phenol oxidase yields oolong tea. More complex tea paly-
phenols, theaflavin gallatas, and polymeric thearubigins,
typical of black tea, arise when the oxidation is alowed to
operate for about 2 hr (1, 2),

In recent years, research has begun on the possible
health-promoting effects of tea. The initial impetus for such
activities was the epidemiological observation thar the cus-
tomary intake of ma by populations may lead to 3 lower
incidence of saveral types of cancer and of coronary heart
disease. Dara wers obtained in the Orient where the cus-

-
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tomary tea is green tea, apd in Europe or the Near East,
where the usual t=a consumed is black tea (3-6).

These epidemiological observations were the basis for
detailed laboratory research in animal models for several
types of cancer including cancer of the skin induced by UV
light or cancer of the lung, esophapus, and mammary gland,
using appropriate carcinogens (3, 7).

Cancer of the colon is an important type of neoplasm in
the Western wotld and of increasing importance in Japan, as
the dietary traditions in thar country become Westernized
(8). An early model for cancer of the colon in 1als was
imduction with 2'.3-dimethyl-4-aminobiphenyl that was ex-
tensively used to smdy the mode of action and irs enhance-
ment or inhibition by varions dietary and other environmen-
tal components (9). The application of that model decreased
after Druckrey (10) discovered in the Iate 1960s an inex-
pensive and readily available colon-specific chemical car
cinogen, 1,2-dimethylhydrazine, and jts metabolite, azoxy-
methane (AOM). AOM served as the carcinogen for numer-
ous investigations on its mechanism of action, as well as the
modification of its effect by diet, trugs, and other chemicals
(8, 9). This cartinogen was, therefore, used in the current
effort to derermine whether gresn (ea or black tea exmacts
and the comresponding tea polyphenols would modify colon
cancer induction by AQM,

Materials and Methods

Chemicals, Azoxymethane was purchased from Ash
Stevens, Inc., Detroit, MI. The tea eXiracts, tea polyphenals,
and EGCG were prepared under standardized conditions by

the research laboratories of Thomas J, Lipton, Ine., Engle- -

wood Cliffs, NI, Each batch obtained over the course of
these studies was analyzad by the Lipton staff and by
McEKesson Bioservices (Rockville, MD) the repository for
test chemicals for the National Cancer Institute. A solu-
tions were prepared with dejonized water, purified with 4
Millipore Milli-Q Water System,

Stability studies show that solutions of all t=a products
were stable at room t=mperarure for at least 2 days (datz not
shown). Therefore, fresh solutions wete made three timeas a
week for administration to the experimental anirpals.

Preliminary Toxicology. Preliminary roxicological
studies were performed utilizing proups of six male F344
rats, 6 weeks of age, that received solutions in drinking
water containing 9000, 4500, 2250, 1125, and 663 ppm of
the black and green tea extracts, or 4500, 2250, 1125, 663,
and 332 ppm of biack and given tea polyphenols, and
EGCG. A control group of 12 rats received the deionized
water. .The weight gain of all rars was followed over a
7-week period. The data showed that even the highest dose
level of each produer gave Linde change in the rate of body
weight pain, albejt in the groups on the highest level, 9000
pem of the black or preen rea extract, or 4500 ppm of
EGCG, but not on the highest leval of the black and preen
tea polyphenols, the mean weights were 275 grams, com-
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pared 10 295 grams of the rats that drank warer. Based on
this information, as well as the Teport of Narisawa and
Fukaura (12), showing that a similar, good inhibition of
colon cancer, induced by intra-rectal infusion of MNNG,
was obtained over a range of dosages of green tea. including
the lowest Jevel, it was decided to use 3600 ppm of the black
and green tea exrract, and 1800 ppm of the black and £Teen
tea polyphenols, and of EGCG. as the high dose level. The
low dose level selected for all tea products was 360 ppm.

Treatment of Rats. Male F344/N TacBR rats were
procured at age 4 weeks from Taconic Germantown, NY,
They were maintained for 2 weeks in the quarantine unjt of
the Research Animal Facility of this Insture, During that
time, eight rats were sacrificed and analyzed for the absence
of viral, bacteriological, and pathological contaminants as
indieation of excallent health, Upon certificarion of health
stargs, the rats at the end of that period were distibuted,
using 2 table of mndom numbers, into experimental and
control groups. The experimental groups each contained 36
rats, and the control groups contained 12 rats. AJl of the
experimental groups were Pplaced on the high- and low-dose
levels of black and green tea extracts, EGCG, and black and
greah tea polyphenol at age 6 weeks, The adminisiration of
the tea products contiriued for the duration of the experi-
ment, nameily 43 weeks. Each experimental rat received two
doses of 15 mpfkg body weight of AOM in ] ml/kg saline
solution by subcutaneous injection at Wesk 7 and Week 8.
The comrol groups received the subcutaneous injecrion of
normal saline solution twice at 7 and 8 weeks of age. They
also received the high dose levels, 3600 ppm, of the black
and green tea exwacts only, or 1800 ppm of EGCG and
black and green tea polyphenols, or water. All rats were fad
2 modified pelleted AIN-76 semii-purified diet, No. 112,174
(Dyets, Inc,, Bethichem, PA). The drinking fluids were
available ad libitum. Fluid intake was measured over two
3-day periods during Weeks 10 and 11. The groups drinking
water consumed 17-18 ml, and the groups on tea products
consumed 15-16 ml, bur group: on 3600 ppm black or
&reen tea took in 21-23 ml/day.

All rars were weighed every 2 weeks for the first 10
weeks, and monthly thereafter. They were housed in groups
of two per cage and examined carefully for any adverse
effects or tumor development. If an animal appeared weak,
it was isolated and observed twice per day. If survival
seemed threatened, the rat was sacrificed by CO, enthana-
sia. All rats were sacrificed in this manney 42 weeks after
the first dose of AOM, and each rat underwent careful nec-
ropsy. All grossly abnormal tissues were harvested, washed
with saline, and fixed in 10% buffersd formalin. The intes-
tnal tact, from cecom to anus, was obtained and rinsed
with saline to eliminate intestinal contents and feces. The
ract was mounted on a corkboard, sectioned longimdinally,
and examined for the prasence of grossly visible abnormali-
tes, including tmmors, Any wmors prasent were measurad
with calipers in three dimensions. Afier fixation, tissues
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were prepared for histopathological study by preparation of  the colon, particularly in the descending colon (Table ).
blocks and sections that were usually stained with hema-  The lesions were classified as in situ, exophytic, invasive,
toxylin and eosin (H&E). All sections were smdied by A.  and Payer’s patch carcinomas. At the level of the small
Rivenson, MD, board-certified in pathology. Intesting, most of the cancers wers of the invasive type,

Statistical Eveluation, The pross and pathologi- whereas in the colon, the majority of neoplasms wers of the
cally reviewed results were tabulated, and differances be- exophytic type. Itrespective of the type and amount of ey
tween groups and the control referance Broup were evalu-  product consumed as drinking fluid. there was no signifi-
ared statistically by the chi-square test. For multiple com- cant difference in the occwrmence of the types of colon and
parisons, the Dunn-Sidak (13) correction of a Type Ierror  gmay inrestinal cancer, compared to those found in animajs
tale was applied. Tomor multiplicity was evaluared with a drinking water (Table 1)

single classification analysis of variance (ANOVA), and by Tumor multiplicity provides another dimension 1o ex-
Tukey’s adjustment (14) for multipie comparisons. plare modifying affects in colon carcinogenesis. Little dif.

ference in. numor multplicity was evident, except there
Results seemed to be an increased muldplicity of exophytic colon

Preliminary Toxicology. During the 7-week, mul-  carcinoma in the group on the high dose of green tea, which
tiple-dose adminiswation of the black and green tes exmracts,  in tumn was statistically different from the multiplicity ar the
the highest dosage, 9000 ppm, yielded a slightly lower but  jow duse of the green tea extract (Table II). If the data are
not significant decreased weight gain. This was also found  restricted o multiplicity to temor-bearing animals only, the
for the highest lavel, 4500 ppm of EGCG, but not for the Iats at the high dosage of hiack tag and green tez exract
&reen and black tea polyphenols, given at 4500 PPIL displayed more exophytic colon carcinoma. cormpared to the

Chronic Study. Based on an interpretation of the re-  animals drinking the corresponding low dosages of the teg
sults obrained in the preliminary toxicology of the tea prod-  extracts,
ucts. it was decided to nss dosages of 3600 ppm as the high Differential mmor volumeg can be an indication of spa-
dose Tevel for the black and ETeen lea extracts and 1800 ppm cific distinct effects. A statisrical difference, with a higher
as the high dose Jevels for the black and Ereen tea polyphe-  fwmor volume, was observed in the rats on the high dose
nols as well as EGCG. The low dose level selected for all  leve] versus the low dose level of green tea (data not
five tea products was 360 ppm. This dose selection appeared  shown), When adjusted for the number of comparisons
appropriate since the body weijght gain of a]l groups of rats  made, and applying the Dunn-Sidak correction, this differ-
followed 2 similar trend aver the entire experimental pericd  epce was pot significant. The rumor volume was some-
of 42 waeks. The conrgl Eroups not given AOM had no  whar lower with the low dosage of the tea products com-
tumors during these rests. pared to the high dosage. Thess findings may parlie], in

Rats treated with AOM had t0me cancers in the gmall part, the tesults obtained by Natisawa and Fukaura (12) who
intestine (not tzbuiated), bur most neoplasms were found in~ seemed to find the best prorection against MNU-induced

Table L. Effect of Tea Products on AOM-induced Colon Cancer
Tumor incidence*

N (%)
Group Treatment ppm - Colon
In Sty Exophytic invasive Payer's Paich
1, Water 1(2.8) 25 (69) 4 (11) 4 (11)
2, BL. 3600 4(11) - 25 (65) 5(14) 4(11)
3. BL, 360 4(11) 90 (83) 6(17) 3(8.3)
4, GR, 3600 5014 32 (ag) §(14) 4(11)
5. GR, 360 1(2.8) 25 (69) 0 (0.0) 2 (5.6)
6. EGCG, 1800 4(11) 23 (64) 5(14) 7(19)
7. EGCG, 360 d(8.3) 26 (72) , 3(8.3) 4 (11)
8. BL Foly, 1800 5(19) 24 (67) 3(8.9) 2 (5.8)
g BL Poly, 360 2(56) ' 25 (69) 2 (5.6) §(14)
10. GR Paly, 3600 3 (8.3) 24 (67) 4 (11) 4(11)
1", GR Poly, 350 2 (5.6) 22 (61) 4(11) 7 (19)

deionized water, freshly_prepz_areq 3 timeg par weak. Data show number (N) of rats with tumar and parcant in groups of 36, AOM also induced
naoplagms in the small intesting in (ow incidence (data not shown). In contrast to colon, where the tumors ware maoszly of the axophytic type,
in the small intestine, they were mara of the invasive ype.
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Table It. Multiplicity of AOM-induced Tumors Among All Animals
: Colon
Group Treatment ppm In Situ Exephytie Invasive Payer's Patch

X 8D 8D X sD X 8D
1 Waier 0.03 0.17 1.50 1.38 0.1 032 - 0.1 0.30
2 BL, gGDD 0.11 0.32 2.06 212 017 0.45 0.1 0.32
3 BL, 380 0.1 0.32 1.61 1.10 0.17 0.38 0.08 0.28
4 GR, 3600 0.19 Q.52 278 1.99 017 0.45 0.14 0.42
5 GR, 360 0.06 0.33 1.28 1.16 0.00 0.00 0.08 0.37
5] EGCG, 1800 0.14 0.42 1.39 1.38 .19 0.58 0.22 0.48
7 EGCG, 380 0.08 028 125 1.13 an 0.40 0.1 0.32
8 BL Poly, 1800 0.14 0.35 1.19 1.12 0.08 0.28 0.06 0.23
9 EL Poly, 360 0.06 0.23 1.36 1.31 0.08 0.23 0.19 0.58
10 GR Poly, 3600 0.14 D.49 1.50 1.54 on 0.32 017 0.51
i GR Poly, 360 0.06 023 1.22 1.38 0.11 0.32 0.22 0.48

Stalistical Analysls: X 15 mean, 3D is stancang deviation. Groups 2, 4, €, B, gnd 10 were compared ta the control Group 9 using a one-way
analysiz of variance (ANQVA) fallowed by Dunnatt's procadure (13, 14) lor comparing sevaral traatmant groups 1o a conirol, The comparisons
2ve. 3, 4 ve. 5, 6 ve. 7, B ve. 9, and 10 v&. 11 were made UsiNg & t-test. The analysis shawad axophytic colon cartinoma; Group 1 vs. 4 was
significant at P < 0.01 and Group 4 vs. 5 wag significant at P = 0.0, All other diferencas ware not stgnificant.

colon cancer in the groups of rats drinking the lowar dosape
of tea.

Discussion

In paralle] srudies on the effect of tea at the standard
dose of 1.25% as consumed by humans, or over a range of
tea dosages, it was fonnd that the carcinogenicity of AOM
in the colon was not affected significandy (15). The current
study demonstrates thar the affects of black t&a are now also
true for gresn ea, for the carresponding black and green =3
polyphenol concentrates, and even for pure epigallocatechin
gallate, the major green tea polyphenol. It would soem that
the underiying mechanism for the failure of tea product
intake 1 affect the carcinogenicity of AOM to the colon
rests on the inability of tea to block the metabolic activation
of AOM. Indeed, Sohn et al, (16) found that AOM under-
goes metabolism throngh the influence of ¢ytochrome P450
2E1 in the liver, yielding methylazoxymethanol (MAM),
which undergoes terminal activation to a reactive alkylaring
agent, the methyl carbonium ion in the colon itself. The
limiting event is the conversion of AOM 10 MAM in the
Liver with the specific ¢ytochrome isozyme noted.

In paraliel studies, we have discoverad that black or
Zreen tea sharply alters a number of the cytochrome P450
Isozymes, specifically the CYP450 1Al, 1A2, and 2B] (17),
Significantly, the key cytochrome enzyme required for the
metabolism of AOM, namely P450 2El. is not at all af-
fected by tea, which accounts for these findings (17), Based
on this knowledge, it can be predicred thar carcinogens,
netabolized and detoxified by both the cytochromes noted
above, which were induced by tea, and glucuronylransfer-

ase, which was also found 10 be induced, would be affectad. -

Xu eral (18) feponed recently that black t2a and £resn tea
both sharply lowered the carcinogenicity of the food muta-
gen and carcinopen 2-a.mino-3-mcrhy1imidazn[4,5-j]dﬁino-
line, in agreement with this hypothasis. Indeed, this carcino-

gen is metabolized by CYP450 1A1, 1A2, and the phase IT
enzyme glucuronyltransferase. Therefore, it would seem
that failure of 123 products to modify colon carcinogenasis
with the classic carcinogen, AOM, stems from the fact thar
tea does mot affect the biochemical Systems required for
AOM metabolism.

We are indebied to Beth-Alayne MeKinney for exeallont adminiztra-
tive support. .
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